Respiratory syncytial viruses (RSVs) cause serious respiratory tract disease in infants and children worldwide and similar disease in calves. Strains have been isolated from other ruminant animals such as sheep and goats, but these viruses have not been characterized at the molecular level. In this study, we report the cloning and sequencing of four structural genes coding for the phosphoprotein, nucleocapsid (N) protein, matrix (M) protein and 22K protein of an ovine RSV strain.
Comparisons of these sequences with those of bovine and human RSV show that the M and N proteins are the most conserved between ruminant RSV strains and the N protein is the most conserved protein between human and ruminant RSV strains. The attachment G glycoprotein and the small hydrophobic protein are the most divergent proteins among human and ruminant RSV subgroups.
Respiratory syncytial virus (RSV) is a negative-sense ssRNA virus that is a member of the genus Pneumovirus of the Paramyxoviridae family. RSV infects humans and calves causing serious lower respiratory tract illness; repeated infections are common and thought to be due to strain variation. RSVs have also been isolated from naturally infected sheep and goats (LeaMaster et al., 1983; Smith et al., 1979) but the genomes of these strains have not been characterized, nor has their epidemiology been defined. The human RSV (HRSV) genome codes for two non-structural and eight structural proteins. Most of the corresponding structural and non-structural genes of various RSV isolates have significant homology at the nucleotide and predicted amino acid levels. Two different RSV subgroups have been identified (subgroup A and B) among human isolates, which are based on their reactivity with monoclonal antibodies directed against the attachment G glycoprotein (Mufson et at., 1985; Orvell et al., 1987) . Recently, two subgroups were identified among 19 bovine RSV (BRSV) isolates from different countries (Furze et al., 1994) .
To characterize further the genome of the ovine RSV (ORSV), we report the cloning and sequence analysis of
The nucleotide sequence of the P, M, N and 22K genes have been deposited in the GenBank database and assigned the accession numbers U07232, U02470, U07233 and U02510, respectively. four more structural genes; the phosphoprotein (P), the nucleocapsid protein (N), the matrix protein (M) and the 22K (M2) protein genes.
The ovine strain WSU 83-1578 was originally isolated from a naturally infected sheep with rhinitis and kindly provided by Dr H. Lehmkuhl (National Animal Disease Laboratory, Ames, Iowa, U.S.A.). Bovine turbinate cell monolayers were infected with the virus at an m.o.i, of 0-5. At about 50 % syncytium formation, the cells were collected and total RNA was extracted using guanidinium isothiocyanate. Poly(A) mRNA was then isolated from total RNA on an oligo(dT) column (Alansari & Potgieter, 1993 .
A cDNA library was generated and PCR-amplified following the 3' end RACE protocol (Frohman et al., 1988) . A 17-mer oligo(dT) attached to an adapter at its 5' end was used for priming poly(A) mRNA and synthesizing cDNA. The adapter contained the XhoI, SalI and ClaI restriction endonuclease recognition sequences. Two primers were used for PCR amplification; one had the nine nucleotides common to the 5' ends of most RSV mRNAs (GGGGCAAAT) attached to an adapter that contained the recognition sequences for PstI and EcoRI endonucleases. The other primer contained only the recognition sequences of XhoI, SalI and ClaI enzymes. The latter two primers also had two extra G residues at their 5' ends.
The DNA product from the PCR was directionally Lambden (1985) and GenBank (accession number M93127), respectively.
cloned into the linearized vector (pAMP, a derivative of pSPORT) according to manufacturer's recommendations (BRL; CLONEAMP system) and recombinant plasmids were screened by PCR (Gouli & Ahmed, 1991) . The Sanger dideoxynucleotide chain termination method was used to sequence three independently derived clones of each gene (Sanger et at., 1977) and the sequences were compared to BRSV and to both of the HRSV subgroups, HRSV(A) and HRSV(B), using the University of Wisconsin Genetics Computer Group software package (Devereux et al., 1984) . The ORSV P gene was 862 nucleotides long, only two nucleotides longer than that of the BRSV P gene, and contained an open reading frame (ORF) of 723 nucleotides that coded for a 241 amino acid polypeptide ( Fig.  1 ) with a predicted Mr of 26510. The length of the P gene differs between RSV strains, being 862, 860, 902, 909 and 907 nucleotides long in ORSV, BRSV, HRSV (Edinburgh), HRSV (long) and HRSV (18537), respectively, but all have the same length of ORF.
The ORSV P gene had an identity of 85 %, 74 % and 76% to those of BRSV, HRSV(A) and HRSV(B), respectively, whereas the ORSV P predicted amino acid sequence showed an identity of 90 %, 81% and 81% to those of BRSV, HRSV(A) and HRSV(B), respectively. (1985) and Johnson & Collins (1989) , respectively.
The level of identity of P protein between the two HRSV subgroups is 90%, which is similar to that between ORSV and BRSV. The level of identity of P between members of subgroup A of HRSV is 98 %.
The divergent domain reported to be present in P of both HRSV subgroups was also found in ORSV and 1990b) and Zamora & Samal (1992) , respectively.
those of BRSV, HRSV(A) and HRSV(B), respectively. Although the N genes differ in length, the length of the ORF is the same and for all RSV strains the polypeptide is 391 amino acids long ( Fig. 2) with an M r of 43010. The nucleotide sequence identity of ORSV N to those of BRSV, HRSV(A) and HRSV(B) was 89 %, 82 % and 81%, respectively, and the amino acid sequence identity was 97 %, 93 % and 93 %, respectively. The nucleotide and amino acid sequence identities of the N gene and protein in the two human subgroups are 86 % and 96 %, respectively.
Table 1. Level of identity of nucteotide and predicted amino acid sequences of ORSV, BRSV and HRSV genes
The ORSV M gene was 948 nucleotides long, making it the same length as the HRSV(A) M gene and 10 nucleotides longer than that of BRSV. The ORF for the ORSV M coded for a polypeptide of 256 amino acids ( Fig. 3) with an M r of 28 160. The nucleotide identity of the M gene was 84 % and 72 % to those of BRSV and HRSV(A), respectively, and the amino acid identity was 97% and 90% to M of BRSV and HRSV(A), respectively.
The ORSV 22K gene was 964 nucleotides in length, only four nucleotides longer than the BRSV 22K gene, and coded for a similar 186 amino acid polypeptide (Fig.  4) of M,. 20460. Comparison of the nucleotide sequence of the ORSV 22K gene with the 22K sequences of other RSV strains revealed an identity of 87 %, 67 % and 69 % to those of BRSV, HRSV(A) and HRSV(B), respectively. The level of identity of the 22K gene and protein between the two HRSV subgroups is 79 % and 92 % respectively. The level of amino acid sequence identity of the ORSV 22K protein to that of the BRSV, HRSV(A) and HRSV(B) was 93 %, 82 % and 82 %, respectively. The proposed second ORF described earlier for the human and bovine genes was also present in the ORSV 22K gene, coding for a 90 amino acid polypeptide with an M r of 9900, compared to 83 to 90, 83 to 93 and 90 to 95 amino acids for HRSV(A), HRSV(B) and BRSV, respectively, depending on the choice of translation start codon. This second ORF overlapped the first by three amino acids.
As for HRSV and BRSV, the proposed initiation codon for the L gene may be positioned within the 3' end of the ORSV 22K gene at nucleotides 909 to 911, overlapping the 22K sequence by 56 nucleotides.
Among the ORSV genes sequenced so far, the N and the M genes and their proteins have the highest level of identity with the genes and proteins of BRSV (Table 1) . The N protein is the most highly conserved gene product between ruminant and human RSV. Since these proteins are abundantly synthesized in virus-infected cells, they may provide a diagnostic tool for detection of RSV infection in ruminants and humans.
Most of the genes and gene products have a high degree of homology between the two HRSV subgroups. The most variable gene product is the G glycoprotein followed by the small hydrophobic (SH) protein. The level of identity of the extracellular domain of the G glycoprotein between the two HRSV subgroups is only 44 % compared to 50 % for the SH protein in the same domain (Johnson et at., 1987; Collins et at., 1990a) . Between ORSV and BRSV the extracellular domain of the SH protein shows 54% identity and that of the G glycoprotein 53% (Alansari & Potgieter, 1993 .
In summary, the ORSV genes sequenced so far have more identity with those of BRSV genes than with those of HRSV. The divergence between the G glycoproteins and SH proteins of ORSV and BRSV is similar to that between the two HRSV subgroups glycoproteins. These two RSV strains might comprise two different ruminant RSV subgroups. Studies relating to this hypothesis are underway in our laboratory.
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